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© Downhofe stabilfsers. 



© There is described a directional downhole 
stabiliser for use in a drill string. The stabiliser has 
an effective diameter which is selectively variable 
between a minimum diameter and a maximum diam- 
eter depending on the load on the drill string. The 
effective diameter is determined by radially movable 
spacers which are caused to move radially on rela- 
tive movement of a mandrel which telescopes within 
the stabiliser casing and which has cam surfaces 
which engage the radial spacers. The telescopic 
movement of the mandrel within the casing is con- 
trolled via a mechanical detent arrangement which is 
actuated by the compressive force on the stabiliser. 
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'Downhole Stabilisers" 



This invention relates ft* downhole stafcrifisecs 
for use in a drill string; c&arintj dwectionaf drilling: 

In the oil and gas industries it is often desira&le 
to drill a number of wells from a single surface 
location. Each well extends downwardly and out- 5 
wardly from the surface location in a different di- 
rection from the other wells, i.e. in various different 
combinations of compass bearing, inclination from 
vertical, and depth below surface. The initial portion 
of the well (the section nearest the surface) may be ro 
vertical or inclined to the vertical. The direction of 
drilling frequently requires to be changed, te in- 
crease or decrease the inclination of the well, or to 
correct for an unintended change in direction such 
as may be caused by geological conditions. Such 15 
techniques are generally known as directional drill- 
ing. 

Directional drilling is especially useful in off- 
shore production of oil and gas since the proce- 
dure enables a large area to be drilled from a 20 
single platform. However, directional drilling re- 
quires effective and efficient control of direction. 

In directional drilling, control of direction may 
be undertaken by downhole stabilisers. In the most 
general terms, known forms of downhole stabilisers 25 
consist of a collar-like device or asembly fitting 
around or into a drill string near the lower end of 
the string. A fixed stabiliser will centralise the drill 
string and tend to straighten the well being drilled. 
Replacement of such a fixed stabiliser with one of 3a 
lesser diameter will allow the drill string to bow r 
and thus sustain or increase curvature of the well 
being drilled. Upon achievement of the desired 
direction after curved drilling, a maximum diameter 
stabiliser will normally tend to maintain the desired 35 
direction by straight drilling. 

With each change in diameter of a fixed 
stabiliser, the entire drill string must be withdrawn 
to have the stabiliser removed from the string and 
replaced by another stabiliser of the requisite dif- <o 
ferent diameter, followed by reinsertion of the 
string down the well. With the intention of avoiding 
such unproductive activity, proposals have been 
made for downhole stabilisers whose effective di- 
ameter can be varied under remote control such 45 
that a stabiliser near the bottom of a well can have 
its diameter adjusted under control from the sur- 
face location and without being raised to the top of 
the well. However, such adjustable stabilisers have 
either required hydraulic systems, or excessively 50 
complicated mechanical systems. In the mechani- 
cal systems, either an actuating link was needed 
from the surface location to the stabiliser, or con- 
tinuous control of the downward force on the drill 
string was needed to effect stabiliser diameter 



changes. In particular, previous designs of down- 
hole stabiliser not requiring a downhole link addi- 
tional to normal drill string components did not also .\ 
have the ability to operate with a full range of 
normal drilling forces independently of diameter- ^ 
changing operation of the stabiliser. 

It is therefore an object of the invention to. 
provide a downhole stabiliser which obviates or 
mitigates these disadvantages. 

According to the present invention there is 
provided a downhole stabiliser for use in a drill 
string, the stabiliser having an effective diameter 
which is selectively variable between a minimum 
diameter and a maximum diameter, 

the stabiliser comprising a hollow and generally 
cylindrical casing having a string coupling at one 
end thereof, the casing mounting an angularly dis- 
tributed array of radially movable radial spacers 
whose radially outer ends define said effective di- 
ameter, the casing internally and co-axially mount- 
ing a spacer actuating mandrel, the mandrel having 
a string coupling at one end thereof, the string 
coupling on the casing and the string coupling on 
the mandrel being at opposite ends of the down- 
hole stabiliser to allow the downhole stabiliser to be 
operatively coupled into the drill string in use, 

the stabiliser being capable of telescopic con- 
traction and extension between said string coupl- 
ings by means of axially limited insertion of said 
mandrel into said casing and withdrawal of said 
mandrel from said casing, said mandrel and said 
casing being coupled to prevent relative rotation 
thereof, 

the mandrel having at least one camming 
surface, the radial spacers each having a camming 
surface on the respective radially inner end thereof, 
the camming surfaces on the mandrel and on the 
radial spacers co-operating to force the radial spac- 
ers radially outwards upon telescopic contraction of 
the downhole stabiliser by increased insertion of 
the mandrel into the casing, 

a mechanical detent within said casing and 
linking the casing with the mandrel in an" axially 
extended condition of the stabiliser to restrain said 
telescopic contraction of the stabiliser while axially * 
compressive forces on the stabiliser remain below 
a predetermined critical force, said detent being ^ 
operable by application to the downhole stabiliser 
of an axially compressive force exceeding said 
critical force to release the mandrel from the casing 
to allow said telescopic contraction of the downhole 
stabiliser and consequent radial extension of said 
radial spacers, said detent aiowing the stabiliser to 
remain in the contract d condition to retain said 
radial spacers in their radially outward positions 
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until axiaily compressive forces on the stabiliser fail 
below a predetermined minimum axiaily compres- 
sive force to release the mandrel relative to the 
casing thus to allow th stabiliser to return to the 
axiaHy extended condition and consequently to al- 
low- radial retraction of the radial spacers. 

The casing, the mandrel, and both string coupl- 
ings are preferably hollow throughout the length of 
the stabiliser and are mutually sealed to be sub- 
stantially fluid-tight to permit drilling mud to be 
pumped under pressure through the stabiliser when 
it is incorporated as part of a drill string. 

Preferably, the mechanical detent is a resilient 
catch coupled through a spring to the casing, said 
spring having a pre-load thereon which determines 
said critical force, said catch being coupled to the 
mandrel in the telescopically extended condition of 
the stabiliser through a ramp formed on the man- 
drel, application to the stabiliser of an axiaily com- 
pressive force exceeding said critical force causing 
contraction of the pre-loaded spring and riding of 
the catch over said ramp to allow said increased 
insertion of the mandrel into the casing. 

The casing preferably includes a catch restraint 
which restrains the catch from riding over the ramp 
while the spring is uncontracted in the absence of 
an axiaily compressive force on the stabiliser which 
is in excess of the critical force. 

Preferably, said resilient catch is formed as an 
annular array of fingers each free at one end and 
integral at the other end with the other fingers, the 
material of which the catch is formed giving resil- 
ient movement to the free ends of the fingers, the 
ramp on the mandrel being formed as an annular 
shoulder against which the free ends of the fingers 
are resiliency contracted. 

The catch restraint is preferably an annular 
intrusion on the inner surface of the casing and 
bearing against the free ends of the catch fingers 
in the telescopically extended condition of the 
stabiliser to give positive restraint to the free ends 
of the fingers and to prevent the free ends of the 
fingers from riding over the annular shoulder on the 
mandrel prior to initiation of telescopic contraction 
of the stabiliser by application of an axial compres- 
sive force in excess of the critical force. 

The spring preferably comprises a stack of 
bellevilie washers held in a cage between end 
stops which limit axial expansion of the stack to 
provide said pre-load. The mandrel preferably has 
the or each camming surface thereon formed as a 
respective conical surface co-axial with the man- 
drel. 

According to another aspect of the invention 
there is provided a downhole stabiliser for use in a 
drill string, the stabiliser having an effective diam- 
eter which is selectively variable between a mini- 
mum diameter and a maximum diameter by ap- 



plication to the downhole stabiliser of an axiaily 
compressive force exceeding a critical force to 
allow telescopic contraction of the downhole 
stabiliser, the stabiliser mounting an angularly dis- 

5 tributed array of radially movable radial spacers 
whose radially outer ends define said effective di- 
ameter, adjacent spacers in said array being mutu- 
ally angularly spaced by substantially equal angles 
around the periphery of the stabiliser, and the 

w whole array of spacers being distributed at least 
once around the entire periphery of the stabiliser. 

Said angularly distributed radial spacers are 
preferably also axiaily distributed with adjacent 
spacers in said array being mutually axiaily spaced 

is along the periphery of the stabiliser. 

Said array of spacers preferably forms at least 
one helix on the periphery of the stabiliser with 
successive spacers in the or each helix being mu- 
tually spaced at substantially regular increments of 

20 angle and of axial separation. Said array of spacers 
preferably forms three mutually equidistant helices. 

Each radial spacer is preferably a substantially 
cylindrical body slidingly mounted in a respective 
substantially cylindrical hole in the stabiliser, and 

25 with the axis of each such cylindrical body aligned 
substantially at right angles to the axis of the 
stabiliser. 

The radially outer end of each radial spacer is 
preferably coated or otherwise covered with a layer 
30 of non-ferrous wear-resistant material, which may 
be tungsten carbide. 

Embodiments of the invention will now be de- 
scribed, by way of example, with reference to the 
accompanying drawings, in which:- 
35 Fig. I is a part-sectional side view of a first 

embodiment of the downhole stabiliser of the 
present invention; 

Fig. 2 is a cross-sectional view on line IHI in 

Fig. I; 

40 Fig. 3 is a cross-sectional view on line Ill-Ill 

in Fig. I; 

Fig. 4 is a part-sectional side view of a 
second embodiment of the downhole stabiliser of 
the present invention; and 

45 Figs. 5A and 5B are each schematic dia- 

grams of the downhole stabilisers in use as part of 
a drill string. 

Referring first to Fig. I, a downhole stabiliser 10 
includes a hollow and generally cylindrical casing 

so 12 having a string coupling 14 at its upper end. The 
coupling 14 is an oil industry standard tapered pipe 
thread (female) dimensioned to connect with a cor- 
responding male tapered pipe thread on a drillpipe 
or other standard drill string component, to make a 

55 mechanical connection for transmission of drilling 
fore s and a hydraulic connection for passage of 
pressurised drilling mud. 
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The stabiliser casing 12 mounts an array of 
radial spacers 16. Each spacer 16 is g nerally cylin- 
drical and is slidtngly mounted in a corresponding 
radially aligned bore 18 in the casing 12. Each 
spacer 16 can be affowed to retract radially into the 5 
casing 12 untif the radially outer end of the spacer 
16 no longer protrudes from the casing 12, or forced 
to extend radially out of the casing 12 until the 
radially outer end of the spacer 16 protrudes from 
the casing 12. (The mechanism for selectively either w 
forcing radial extension or allowing radial contrac- 
tion of the radial spacers 16 will be detailed below). 

The radially outer ends of the radial spacers 16 
will normally be the radially outermost portions of 
the stabilisers 10 and thus define the effective di- 15 
ameter of the stabiliser. When the spacers 16 are 
fully retracted into the casing 12, the effective diam- 
eter of the stabiliser 10 is at a minimum diameter, 
and conversely, when the radial spacers 16 are 
radially extended by their full extent the effective 20 
diameter of the stabiliser 10 is then at a maximum 
diameter. Since the radially outer ends of the spac- 
ers i6 will be subjected to severe abrasive forces 
during use of the stabiliser 10, these outer ends are 
preferably coated or otherwise covered with a layer 25 
of non-ferrous wear resistant material, such as 
tungsten carbide. 

The array of spacers 16 is distributed around 
the effective diameter or periphery of the stabiliser 
I0 in order to give more efficient presentation of 30 
bearing surface to the bore of the well. Adjacent 
spacers 16 in the array are preferably mutually 
angularly spaced by substantially equal angles, and 
preferably also distributed at least one around the 
entire periphery of the stabiliser 10, to equalise the $s 
radial load bearing capacity in all directions as far 
as is possible. Since there may be insufficient 
angular separation (or even angular overlap) be- 
tween adjacent radial spacers, the spacers 16 may 
also be axially spaced along the periphery of the 40 
stabiliser 10 to achieve the necessary separation of 
adjacent spacers (by a combination of angular sep- 
aration and axial separation). 

While the radial spacers 16 can be distributed 
in any suitable form of array, they are preferably 45 
arranged in three helices as shown in Figs. I and 2. 
The periphery of the casing 12 is preferably formed 
as three fixed helical buttresses 20 through which 
the spacers 16 extend. The illustrated tri-helical 
arrangement has optimal structural and functional so 
properties. The peripheral faces of the buttresses 
20 may also be hard-faced with tungsten carbide. 

Details of the mechanism for radially extending 
the spacers 16 will now be given. 

The hollow cylindrical stabiliser casing 12 inter- 55 
nally and co-axially mounts a spacer-actuating 
mandrel 22. The mandrel 22 can slide axially within 
the casing 12, but is prevented from rotating relative 



to the casing 12. Rotation is prevented by means of 
a set of keys 24 fixed into and protruding from th 
mandrel 22 and sliding in axial channels 26 inside 
the casing 12 (Figs. I and 3). Since the axial lengths 
of the keys 24 is less than the axial length of the 
casing key channels 26 (see Rg. !>, th mandrel 22 ^ 
can have its insertion into the casing 12 increased 
from the illustrated condition of maximum tele- 
scopic extension of the stabiliser 10. Withdrawal of * 
the mandrel 22 axially out of the casing 12 beyond 
the position shown in Fig. I is prevented by a 
screwed-on lower, end cap 28 on the casing 12. 

The lower end of the mandrel 22, which pro- 
jects clear of the casing 12, Is terminated in a string 
coupling 30 that is the male counterpart of the 
string coupling 14 (previously detailed). The string 
couplings 14 and 30 allow the stabiliser 10 to be 
operatively coupled into a drill string during use of 
the stabiliser 10, while the keys 24 permit the 
transmission of drilling torque and rotation through 
the stabiliser 10. The casing 12 and the mandrel 22, 
together with both the string couplings 14 and 30, 
are hollow throughout the length of the stabiliser 10 
and mutually sealed to permit drilling mud to be 
pumped under pressure through the stabiliser 10 
when it is incorporated as part of a drill string. 

The radially inner end of each radial spacer 16 
has a wedge-shaped camming surface in the form 
of a substantially planar surface inclined at a small 
angle (preferably 5-15 degrees) to the longitudinal 
axis of the stabiliser 10. The mandrel 22 has match- 
ing camming surfaces In the form of a series of 
part-conical steps 32 machined in its external sur- 
face at substantially the same angle to the longitu- 
dinal axis as the inner, ends of the spacers. Each 
part-conical step 32 is circumferentially continuous 
to obviate any necessity or a specific angular align- 
ment between the mandrel 22 and the casing 12 
during assembly of the stabiliser 10. The mutual 
axial spacings of the steps 32 correspond to the 
axial spacings of adjacent spacers 16. such that the 
camming surfaces 32 on the mandrel 22 will si- 
multaneously engage each camming surface 
formed by the inner end of each of the radial 
spacers 16. 

Telescopic contraction of the stabiliser 10 be- 
tween the string couplings 14 and 30 by increased 
insertion of the mandrel 22 into the casing 12 re- _ 
suits in the part-conical camming surfaces 32 
wedging against the inner ends of the radial spac- 
ers 16 to force the spacers 16 to extend radially * 
outwards from the casing 12. Radial extension of 
the spacers 16 increases the effective diameter of 
the stabiliser 10 from its minimum diameter 
(spacers 16 fully retracted) to its maximum diameter 
(spacers 16 fully extended). 
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Excessive outwent movement of the spacers IS 
is prevented by retaining pins or screws 34 fixed 
into the buttresses: 2a ami passing through trans- 
verse slots 3H in the- spacers I6_ Within each spac- 
er 16, a small leaf spring 38 may optionally be fitted 
between the retaining screw 34- and the inboard 
end of the slot 36 to bias the spacer 18 to its 
retracted position when not forced out by tele- 
- scopic contraction of the stabiliser 10. However, the 

high radial force encountered by the outer ends of 
the spacers 16 during use of the stabiliser 10 may 
allow these springs 38 to be dispensed with r since 
these radial forces would suffice to ensure retrac- 
tion of the spacers 16 into the casing 12 when not 
forcibly extended. 

it is an important feature of the downhole 
stabiliser of the invention that there is an absence 
of any connection between the stabiliser and the 
surface location of the top of the well, which is 
additional to the conventional drill string compo- 
nents (such as coupled lengths of drill pipe) Con- 
trol of the stabiliser 10 is effected by an axially 
compressive force on the stabiliser 10 applied down 
the drill string from the surface location (and reac- 
ted by the drill bit bearing against the bottom of the 
well). This diameter-changing control force is pure- 
ly mechanical in nature in that it is functionally 
independent of hydraulic operational forces (due 
normally to the pumping of drilling mud down the 
drill string). In order to allow a normal range of 
drilling forces without unintended change in affec- 
tive diameter of the stabiliser, but nevertheless to 
ensure reliable diameter-changing operation by a 
selected axially compressive force, the casing 12 
and the mandrel 22 are linked by a mechanical 
detent 40 which will only release the mandrel 22 
for increased insertion into the casing 12 when the 
downhole stabiliser 10 is subjected to an axially 
compressive force which is above a critical force. 
The critical force is preferably arranged to be suit- 
ably in excess of the maximum force applied dur- 
ing normal drilling operations. 

Certain features of the detent 40 are shown to 
an enlarged scale in the inset to Fig. I. Part of the 
detent 40 consists of an annular catch 42 formed 
as a generally cylindrical sleeve of resilient material 
divided by axial cuts 44 into an annular array of 
fingers 46 each free at one end and integral at the 
other end with the other fingers 46. The resilience 
of the material of the catch 42 results in the free 
ends of the fingers 46 being biased radially in- 
wards of the catch 42. The end of the mandrel 22 
remote from the string coupling 30 and nearest the 
string coupling 14 on the casing 12 is formed with 
an annular shoulder 48 whose axially inner end is 
tapered to form a ramp 50. The fr e ends of the 
catch fingers 46 resiliency contract against the 
annular shoulder 48, and axially restrain the man- 



drel 22 axial by contact with the ramp 50. An 
annular catch restraint 52 protrudes inwardly from 
the inner wall of the casing 12 to present a conically 
tapered surface in opposition to the mandrel ramp 

s 50 when the mandrel 22 is maximally extended 
from the casing 12 (i.e. the stabiliser 10 is at its 
maximum length). The catch restraint 52 positively 
restrains the free ends of the catch fingers 46 to 
prevent them riding over the mandrel shoulder 

70 ramp 50 prior to initiation of telescopic contraction 
of the stabiliser 10 by application of an axial com- 
pressive force in excess of the critical force. 

The resilient catch 42 is coupled to the casing 
12 through a compression spring 54 which is pre- 

T5 loaded to determine the critical force. The spring 
54 is in the form of a stack of belleville washers 
held within a cage 56 between end stops which 
limit axial expansion of the stack to provide the 
preload. The pre-load Is made sufficiently high that 

20 any normal drilling force applied through the drill 
string is insufficient to cause further compression 
of the pre-loaded spring 54. 

When the stabiliser 10 is subjected to an axially 
compressive force in excess of the critical force, 

25 the mandrel 22 is forced further into the casing 12, 
against the pre-loaded spring 54 whose force is 
transmitted to the mandrel 22 by the catch 42 
whose fingers 46 bear against the mandrel shoul- 
der ramp 50. When the mandrel 22 is sufficiently 

30 inserted into the casing 12, the shoulder ramp 50 
moves clear of the catch restraint 52 and the free 
ends of the fingers 46 are released to ride out over 
the shoulder ramp 50, whereupon they drop down 
the outer surface of the mandrel 22. The detent 40 

35 has now released the mandrel 22 relative to the 
casing (in terms of sprung restraint, though not in 
respect of rotational and axial restraint provided by 
the keys 24). Thus, the stabiliser 10 is now free to 
contract telescopicaliy to its minimum overall 

40 length, with consequent radial extension of the 
spacers 16 to give the stabiliser 10 its maximum 
effective diameter. 

Once the detent 40 is sprung free of the man- 
drel shoulder ramp 50, the detent 40 causes no 

45 further restraint to relative movement of the man- 
drel 22 and the casing 12 (save for minimal friction 
of the free ends of the fingers 46 sliding along the 
surface of the mandrel 22). Thus, a full range of 
normal drilling forces can be applied to the drill 

so string, and it is not necessary to maintain a particu- 
lar axial force to retain the stabiliser 10 at its maxi- 
mum diameter. Correspondingly, to re-extend the 
stabiliser telescopicaliy back to its original length, ft 
is necessary only to apply axial tension (a negative 

55 axially compressive force) between the string 
couplings 14 and 30, of a magnitude sufficient to 
overcome r manent friction forces. It will normally 
suffice to lift the drill string at the surface drilling 
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location, whereupon the w ight of drill string com- 
ponents below tire lower string coupling 3f> will 
tend to hold down the mandteli 22 white the casing 
!2Js lifted by the upward: force applied fo the upper 
string, coupling I*. When; the stabiliser \B returns to 
the^axially extended: condition flie detent 40 will re- 
engage the mandrel? shoulder ramp 50 to latch the 
stabiliser 10 in its axially extended condition. Si- 
multaneously the mandrel camming surfaces 32 
will be pulled out of wedging engagement with the 
inner ends of the radial spacers 16 to cease forcing 
the spacers 16 into their radially extended positions. 
This allows the spacers 15 to retract radially, under 
a: combination of forces from the springs 38 (if 
provided) and the normally high radially inward 
forces applied to the radially outer ends of the 
spacers 16 by their contact with the wall of the well 
being, drilled* (This will also automatically allow 
retraction of the radial spacers 16 when the 
stabiliser 10 is being lifted out of a well). 

Once the stabiliser 10 is telescopically con- 
tracted and returned to its minimum diameter con- 
dition where it is latched by the detent 40, a full 
range of normal drilling forces can be re-applied 
without switching back to the maximum diameter 
condition. Return to maximum diameter can be 
achieved when required merely by the temporary 
application of an axially compressive force in ex- 
cess of the critical force. Thus, changes in the 
effective diameter of the stabiliser 10 can be ac- 
complished at will merely by the temporary ap- 
plication to the drill string either of an abnormally 
high force (to increase the effective diameter to the 
maximum) or of a lifting force (to decrease the 
effective diameter to the minimum). It is not neces- 
sary in either case to lift the stabiliser to the 
surface to alter its diameter, nor is there any re- 
straint on normal drilling forces apart from the brief 
period of diameter-changing force or lift. There is a 
total absence of special connections down the drill 
string, and hydraulic forces are not involved in 
operation of the stabiliser since it is purely me- 
chanical. 

Turning now to the second embodiment of the 
downhole stabiliser illustrated in Fig. 4, this is gen- 
erally similar to the first embodiment of Figs. I. 2 
and 3, and differs mainly in proportions and relative 
dimensions of certain components. In Fig. 4, com- 
ponents which correspond to those in Figs. I to 3 
are given the same reference numeral prefixed by 
a "I" (i.e. the same number plus one hundred) for 
simplicity of comparison. 

The principal differences between the two em- 
bodiments (which do not affect the principles of the 
invention) are as follows:- 

(A) The helical buttr sses 20 are merged 
into a continuous enlarged-diameter portion 120 at 
the mid-length of the stabiliser 110; 



(B) The radial spacers 116 ar re-shaped to 
avoid steps in their diameters, and form a more 
dense array since a greater number are distributed 
in the same six axially spaced rows as previously, 
s (C) Th stack of belleville washers forming 

the spring 154 are increased in number and overall 
length for greater pre-load range variation capabil- 
ities; 

(D) The cage 156 is increased in length to 
io match the increase in dimensions of the spring 154; 

(E) The resilient annular catch 142 is axially 
longer, and the free ends of the resilient fingers are 
re-shaped for increased strength and wear-resis- 
tance. 

75 (F) The separate keys 24 are replaced by 

splines 124 integrally formed on the inside of the 
casing 112 and on the outside of the mandrel 122; 
these splines 124 mesh to allow relative axial move- 
ment of the casing 112 with respect to the mandrel 

20 \22 whiie preventing relative rotation. 

(G) The mandrel 122 is restrained from being 
pulled out of the casing 112 and their relative axial 
movement is limited by means of a retaining ring 
128 screwed on to the inner end of the mandrel 122. 

25 In the axially extended condition of the stabiliser 
110, the ring 128 abuts an internal shoulder 129 in the 
central bore of the casing 112. In the axially con- 
tracted condition of the stabiliser 110, the ring 128 
abuts the lower end of the fixed catch restraint 152. 

30 (H) The inner end of the mandrel 112 near the 

shoulder ramp 150 is slidingly sealed to the catch 
restraint 152 (which is fixed to the inside of the 
casing 112) by two O-rings 160 each fitted in a 
respective circumferential groove in the periphery 

35 of the mandrel 122. 

(I) The outer end of the mandrel 122 near the 
string coupling 130 is slidingly sealed to the inside 
of the casing 112 by two O-rings 162 each fitted in a 
respective circumferential groove in the inner wall 

40 of the casing 112. 

(J) The casing 112 is penetrated by two oil- 
injection valve ports 164 and 166. Prior to use of the 
stabiliser 110, lubricating oil is injected under pres- 
sure through one of these ports (164 or 166), while 

45 the interior of the casing 112 is simultaneously vent- 
• ed of air through the other one of these ports. 
Thus, the interior of the stabiliser 110 is fitted with 
pressurised lubricating oil within the volume boun- 
ded by the interior of the casing 112. the exterior of 

so the mandrel 122, and the O-ring seals 160 and 162. 
This pressurised oil lubricates the moving parts 
and resists the ingress of drilling mud and drilling 
debris during downhole operation. One or more 
axial grooves (not illustrated) extend along the sur- 

55 face of the mandrel 122 from the region of the 
splines 124 to just below the upper O-ring s als 160 
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to allow free movement off the lubricating oil within 
the stabiliser HQ as it t^escopingiy extends and 
contracts. 

Rgs. 5A and: SI show tire downhoie stabiliser 
m use as pat of a drill string: which is drilling a wett 
at a substantial inclinatiarr to vertical. Both of Rgs. 
5A and 5B are highly schematic diagrams, and 
each is greatly foreshortened by removal of two 
substantial lengths of the string. While the first 
embodiment of downhoie stabiliser (i.e. the 
stabiliser I0 of Rgs. I to 3) is shown in Rgs. 5A and 
5B, the following description applies equally to the 
second embodiment of Rg. 4. 

In Rg. 5A, the stabiliser 10 is coupled into the 
string by being screwed onto adjacent drill pipes 
210 and 212 by means' of the string couplings 14 and 
30. These drill, pipes 210 and 212 are fitted with 
respective collars 214 and 216 which each functions 
as a fixed diameter stabiliser. The lower end of the 
drill pipe 212 is fitted with a drill bit 218 to cut 
through surrounding geological formation 220. 

In Rg. 5A, the stabiliser 10 has its radial spac- 
ers 16 radially extended to give the stabiliser 10 its 
maximum effective diameter. This centralises the 
drill string between the fixed diameter stabilisers or 
collars 214 and 216, and the drill bit 218 will normally 
cut in a straight line (unless forced to deviate by, 
for example, an inhomogenerty in the surrounding 
geological material 220). 

When it is required to change the direction of 
drilling, the top end of the drill string is lifted at the 
surface until the weight of the lower string compo- 
nents 212, 216 and 218 is suspended from the 
stabiliser 10 instead of resting on the bottom of the 
well (through the cutters on the drill bit 218). As 
previously described, this releases the radial spac- 
ers 16, and allows them to retract inside the 
stabiliser 10 under peripheral forces as the string 
rotates in the well. 

Due to the lengths of drill pipe 210 and 212 on 
either side of the stabiliser 10 before the next points 
of support at the collars 214 and 216, the reduced 
diameter stabiliser 10 allows the inclined drill string 
to sag between the 'fixed-diameter collars 214 and 
216, as shown in Rg. SB. The net result of this 
bend in the lower end of the drill string is that the 
drill bit 218 will head in a new direction 222 at a 
small angle to the previous straight drilling direction 
224. Since the drill string will sag to the lower side 
of the well being drilled, the new direction 222 will 
tend to be vertically above the previous direction 
224, and the well will increase its deviation from 
the vertical towards the horizontal. Experiments 
suggest a capability of deviating by 0.2 degrees 
per thirty metres drilled in North Sea bedrock. 



The downhol stabiliser 10 is suitable for use 
wttfi oH well equipment drilling wells at a standard 
diameter of twelve and on quarter inches 
(approximately 31 millimetres). By suitable choice 
5 of the angles of the camming surfaces within the 
stabiliser 10, the minimum and maximum effective 
diameters can be selected as follows:- 
15 degreesMI 3/4 - 12 3/16 inches (29.85-30.95 mm); 
10 degreesMI 7/8 - 12 1/8 inches (30.2 -30.8 mm); 
ro 5 degrees>!2 - 12 1/8 inches (30.5 -30.8 mm); 
(metric equivalents are approximate). 

The drill string may be rotationally driven from 
the surface location, or the lower end of the drill 
string may incorporate a downhoie motor to drive 
ts the drill bit directly and without rotationally driving, 
the entire length of the drill string. 

Other modifications and variations may be 
made within the scope of the invention as defined 
in the appended Claims. 

20 

Claims 

I. A downhoie stabiliser for use in a drill string, 

25 the stabiliser having an effective diameter which is 
selectively variable between a minimum diameter 
and a maximum diameter, 

the stabiliser comprising a hollow and generally 
cylindrical casing having a string coupling at one 

30 end thereof, the casing mounting an angularly dis- 
tributed array of radially movable radial spacers 
whose radially outer ends define said effective di- 
ameter, the casing internally and co-axiaily mount- 
ing a spacer actuating mandrel, the mandrel having 

35 a string coupling at one end thereof, the string 
coupling on the casing and the string coupling on 
the mandrel being at opposite ends of the down- 
hole stabiliser to allow the downhoie stabiliser to be 
operatively coupled into the drill string in use, 

40 the stabiliser being capable of telescopic con- 
traction and extension between said string coupl- 
ings by means of axially limited Insertion of said 
mandrel into said casing and withdrawal of said 
mandrel from said casing, said mandrel and said 

45 casing being coupled to prevent relative rotation 
• thereof. 

the mandrel having at least one camming 
surface, the radial spacers each having a camming 
surface on the respective radially inner end thereof, 

so the camming surfaces on the mandrel and on the 
radial spacers co-operating to force the radial spac- 
ers radially outwards upon telescopic contraction of 
the downhoie stabiliser by increased insertion of 
the mandrel into the casing, 

55 a mechanical detent within said casing and 

linking the casing with the mandrel in an axially 
extended condition of the stabiliser to restrain said 
tel scopic contraction of the stabiliser while axially 
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compressives forces on the stabiliser remain below 
a predetermines*: critical force, said detent being 
operable- by- ^plication ta the downhoie stabiliser 
of arr axi^ly. compressive- force exceeding said 
critical f areata release the mandrel from the c^ing 
to allow saidrtelescopic contraction of the downhoie 
stabiliser and consequent radial extension of said 
radial spacers, said detent aiowing the stabiliser to 
remain in the contracted condition to retain said 
radial spacers in their radially outward positions 
until axially compressive forces on the stabiliser fall 
below a predetermined minimum axially compres- 
sive force ta release the mandrel relative to the 
casing: thus ta allow the stabiliser to return to the 
axially extended 1 condition and consequently to al- 
low radial retraction of the radial spacers. 

Z A downhoie stabiliser as claimed in Claim I, 
wherein the casing, the mandrel, and both string 
couplings are hollow throughout the length of the 
stabiliser and are mutually sealed to be substan- 
tially fluid-tight to permit drilling mud to be pumped 
under pressure through the stabiliser when it is 
incorporated as part of a drill string. 

3. A downhoie stabiliser as claimed in Claim I 
or Claim 2, wherein the mechanical detent is a 
resilient catcrr. coupled through a spring to the 
casing, said spring having a preload thereon which 
determines said critical force, said catch being 
coupled to the mandrel ire the telescopically ex- 
tended condition of the stabiliser through a ramp 
formed on the mandrel, application to the stabiliser 
of an axially compressive force exceeding said 
critical force causing contraction of the pre-loaded 
spring and riding of the catch over said ramp to 
allow said increased insertion of the mandrel into 
the casing. 

4. A downhoie stabiliser as claimed in Claim 3, 
wherein the casing includes a catch restraint which 
restrains the catch from riding over the ramp while 
the spring is uncontracted in the absence of an 
axially compressive force on the stabiliser which is 
in excess of the critical force. 

5. A downhoie stabiliser as claimed in Claim 3 
or Claim 4, wherein said resilient catch is formed 
as an annular array of fingers each free at one end 
and integral at the other end with the other fingers, 
the material of which the catch is formed giving 
resilient movement to the free ends of the fingers, 
the ramp on the mandrel being formed as an 
annular shoulder against which the free ends of the 
fingers are resiliently contracted. 

6. A downhoie stabiliser as claimed in Claim 5 
as dependent on Claim 4, wherein the catch re- 
straint is an annular intrusion on the inner surface 
of the casing and bearing against the free ends of 
the catch fingers in the telescopically extended 
condition of the stabiliser to give positive restraint 
to the free ends of the fingers and to pr vent the 



free ends of the fingers from riding over the an- 
nular shoulder on the mandrel prior to initiation of 
telescopic contraction of the stabiliser by applica- 
tion of arr axial compressive force in xcess of the 
5 critical force. 

7. A downnofe stabiliser as claimed in Claim 3 
or Claim 4 or Claim 5 or Claim 6, wherein the 
spring comprises a stack of believille washers held 
in a cage between end stops which limit axial 

io expansion of the stack to provide said pre-load. 

8. A downhoie stabiliser as claimed in any 
preceding claim, wherein the mandrel has the or 
each camming surface thereon formed as a re- 
spective conical surface co-axial with the mandrel. 

is 9. A downhoie stabiliser for use in a drill string, 
the stabiliser having an effective diameter which is 
selectively variable between a minimum diameter 
and a maximum diameter by application to the 
downhoie stabiliser of an axially compressive force 

20 exceeding a critical force to allow telescopic con- 
traction of the downhoie stabiliser, the stabiliser 
mounting an angularly distributed array of radially 
movable radial spacers whose radially outer ends 
define said effective diameter, adjacent spacers in 

25 said array being mutually angularly spaced by sub- 
stantially equal angles around the periphery of the 
stabiliser, and the whole array of spacers being 
distributed at least once around, the entire periph- 
ery of the stabiliser. 

30 10. A downhoie stabiliser as claimed in Claim 9, 
wherein said angularly distributed radial spacers 
are also axially distributed with adjacent spacers in 
said array being mutually axially spaced along the 
periphery of the stabiliser. 

35 II. A downhoie stabiliser as claimed in Claim 10, 
wherein said array of spacers forms at least one 
helix on the periphery of the stabiliser with succes- 
sive spacers in the or each helix being mutually 
spaced at substantially regular increments of angle 

40 and of axial separation. 

12. A downhoie stabiliser as claimed in Claim II, 
wherein said array of spacers forms three mutually 
equidistant helices. 

13. A downhoie stabiliser as claimed in any 
45. preceding claim, wherein each radial spacer is a 

substantially cylindrical body slidingly mounted in a 
respective substantially cylindrical hole in the 
stabiliser, and with the axis of each such cylindrical 
body aligned substantially at right angles to the 
so axis of the stabiliser. 

14. A downhoie stabiliser as claimed in any 
preceding claim, wherein the radially outer end of 
each radial spacer is coated or otherwise covered 
with a layer of non-ferrous wear-resistant material. 

55 15. A downhoie stabiliser as claimed in Claim 
14, wherein said non-ferrous wear-resistant material 
is tungsten carbide. 
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